Introduction
Improvements in ultrasound systems have allowed over the last few years to see the fetal morphology more clearly, and to detect fetal sex earlier during the first trimester, especially for increasing embryo size, and for male fetuses. 1, 2 The early diagnosis of fetal sex during the first trimester of pregnancy, non-invasively and affordably may be important in the diagnosis of sex-linked diseases.
At the beginning of the 5th week of pregnancy, a pair of swelling or cloacal folds form on both sides of the cloacal membrane, which joins in front of the membrane to form a thickening in the midline called the genital tubercle (primordium penis or clitoris). During the 9th week, they begin to differentiate, but the similar appearance of the external genitalia in embryos of both sexes may persist until the 9th week of development. 3, 4 Until now, published literature brings inconsistent data regarding the rate of success in the diagnosis of fetal sex during the first trimester, although most of the articles submit your manuscript | www.dovepress.com Dovepress Dovepress 20 savirón-cornudella et al agree that it depends on crown-rump length (CRL) and fetal sex. Various methodologies have been reported to describe the fetal sex during the first trimester. 5 In 1990, Bronshtein et al described the "dome sign", an image of the scrotum and penis directed cranially in male fetuses and an image of two or four parallel lines representing the clitoris directed caudally. 6 In 2000, Pedreira proposed three echogenic points (triangle-shaped) in male fetuses. In female fetuses, however, only two echogenic lines corresponding to the clitoris are identified. This technique has an accuracy of 82.1%. 7 Finally, in 2006, Efrat et al assign male sex when the angle of the genital tubercle to a horizontal line through the surface of lumbosacral skin is .30° and female sex when the genital tubercle is parallel or convergent (,30°) to the horizontal line. This method achieved an overall accuracy of 98.6%. 8 The aim of this study was to determine the probability of correctly diagnosing fetal sex during the first trimester according to CRL and the sonographers previous ultrasound experience.
Patients and methods
A cohort study was performed with prospective follow-up of pregnant women attending the Prenatal Diagnosis Unit to perform an ultrasound study for obtaining combined first trimester screening during the period from March 2012 to April 2013. The study protocols were approved by the Ethical Committee for Clinical Research of Aragón (CEICA), Aragón, Spain. Oral informed consent was obtained from all patients. Each pregnant woman was evaluated by one of eight sonographers who applied the correct algorithm to determine fetal sex. Inclusion criteria for patients were singleton pregnancy, a viable fetus without congenital anomalies, and CRL between 45 and 80 mm. The exclusion criteria included patient refusal to continue the study, attended birth at another hospital and the diagnosis of fetal death, congenital anomaly, or inability to confirm fetal sex at birth. The examinations were performed with Voluson GE 730 Expert, Voluson GE E6, and Voluson GE E8.
An initial assessment of the type of gestation, vitality, embryo morphology, and possibility to describe the fetal sex without telling the patient was performed. The assessment of fetal sex and CRL by ultrasound was performed according to the following guidelines: perform a sagittal section with a two-dimensional sonograph (a three-dimensional sonograph is not necessary) with the fetus in neutral position, visualizing the whole fetus (with the greatest expansion possible) to assess the fetal position, neither too flexed nor too extended and measuring the angle formed by the genital tubercle and the spinal column and collect the following, 8 male sex: genital tubercle with cranial notch (angle .30° relative to the spinal column; Figure 1 ), female sex: genital tubercle with caudal notch (angle ,10° relative to the spinal column; Figure 2 ), and undetermined sex because of fetal position or angle between 10° and 30°. It is very important that the fetus is visualized in the neutral position, otherwise the angle may be overestimated or underestimated and the result may be misleading. Transabdominal and/or transvaginal ultrasound investigations were performed to obtain a correct sagittal section. After giving the guidelines for the detection of fetal sex (in a prior training) and according to previous ultrasound experience, two groups of sonographers were separated as senior (.10 years, experience) and junior (,5 years, experience).
The predictor or independent variables include embryo's CRL, fetal position (suitable, not assessable for unfavorable fetal position or not assessable for angle between 10° and 
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Determining fetal sex by ultrasound during first trimester 30°) and sonographer (qualified by experience). The outcome variable was described by ultrasound fetal sex. A second outcome variable is secondary to obtaining rightness or wrongness (true or false) as matching or not sex described by first trimester ultrasound and sex at birth.
The collection of variables was performed in two stages, recruitment coinciding with the ultrasound examination during the first trimester and post-delivery. Perinatal data were obtained for eight obstetricians blinded to the results of the variables display during the first trimester ultrasound. Records of newborns were created to collect perinatal data. All data were collected in coded form and were entered into a database designed for this purpose. The statistical package used was SPSS 20.0 (IBM Corporation, Armonk, NY, USA). A value of P,0.05 was considered significant, considering the confidence intervals (CIs).
To describe the characteristics of the pregnant women included in the study, predictor and outcome variables were evaluated descriptively. Qualitative variables are detailed as a percentage. Quantitative variables are detailed with centralization parameters (mean/median) and scattering parameters (standard deviation, interquartile range, or other). To check the fit to normal of each of the variables analyzed in this study, the Kolmogorov-Smirnov test was used.
The possible association (depending on the degree of dependence/independence) between some predictors and outcome variables was studied with the aim of responding to the analysis that takes place during the inference phase.
Chi-square and logistic regression according to variable types using bivariate and multivariate analysis were used.
Results
Between March 2012 and April 2013, 2,314 first trimester pregnancy ultrasounds were examined. A total of 345 patients who aborted after the first trimester ultrasound or the patients who gave birth at another hospital were not included in the sample (14.9%). The average age of pregnant women was 32.36 years (15-44 years) and the mean gestational CRL of the first trimester ultrasound was 61.86 mm, with a median of 62 mm and a standard deviation of 7.57 mm. Mean days to delivery (adjusted CRL) was 278 (162-299 days).
In 328 cases (14.2%), it was not possible to diagnose due to unfavorable fetal position or intermediate angle of the genital tubercle (between 10° and 30°). The outcome was confirmed at delivery without encountering any case of ambiguous genitalia. In 1,986 cases (85.8%), the fetal sex was diagnosed with a success rate of 90.1% (1,789 cases) and failure rate of 9.9% (197 cases). A directly proportional relationship between the rate of success in fetal sex diagnosis and CRL (P,0.001) was described. With a CRL greater than 65 mm, the rate of success is over 95% and for CRL 77 mm or longer it is close to 100%. Analyzing the rate of success in the diagnosis of fetal sex, it was found that fetuses were significantly higher in males than in females (94.6% vs 86.3%, respectively), P,0.001 (Figure 3 ). an accuracy that increases with increasing gestational age. The global success rate was 85%. 9 Similarly, Hsiao et al combined both planes for the detection with a success rate of fetal sex diagnosis of 91.8% and also increasing with age gestational. 10 Chelli et al using the same methodology described in our study achieved a success rate of 85.7%. 11 In our study, the rate of success in fetal sex diagnosis following the methodology described by Chelli et al was 90.1%. This rate was significantly associated with the CRL, and it increases in male fetuses. The rate of success was higher in male fetuses than in female ones, 94.6% compared with 86.3%. Adiego Burgos et al also had similar results with a success rate in male fetuses of 90.6% and 83.1% in females. 12 Only Mazza et al had different results with a success rate of 100% in female determination and 46% in male fetuses. 13 Relative to the CRL and fetal sex, these data are confirmed, being the earlier diagnosis in male fetuses. 13 Regarding the size of the fetus, according to the CRL, it is clear that there is a direct correlation between diagnostic accuracy and CRL regardless of fetal sex. 14 Our data demonstrate that in male fetuses diagnosed with CRL below 65 mm, the rate of success is statistically higher than in female fetuses. In all studies, including ours, the ultrasound assignation increases with gestational age and the rate of success is near 100% from 11+6 weeks of gestation. 1 These results are in agreement with classic embryology, which establishes that differential development (female/male) starts after 50 mm CRL is reached (9 weeks). 13 No significant differences in the rate of success of fetal sex diagnosis depending on the experience of the sonographer were found. Finally, in the multivariate analysis, these data Analyzing the association between the rate of success in the diagnosis of fetal sex and the CRL, it was noted that in male fetuses compared with female fetuses, the rate of success is higher for short CRL. For example, in male fetuses with 51 mm of CRL, the rate of success is 93%, and this rate is achieved only in female fetuses with a CRL of 66 mm. The rate of success below 51 mm in both male and female fetuses is below 80% (68% and 76%, respectively). However, from 66 mm the rate of success for both sexes is very similar and greater than 95% (Figure 4) . The average rate of success in the fetal sex diagnosis for all cases was 90.1%. The total number of cases was 2.37 times higher in the junior sonographers group. However, in the senior sonographers group, the rate of overall success was 89.2% vs 90.5% in the junior group, the difference not being significant.
Finally, Table 1 describes the results of univariate and multivariate analysis of independent variables and its relation to the success rate in the diagnosis of fetal sex. Consistently, both the CRL with an odds ratio of 1.131 (95% CI: 1.100-1.640; P,0.001), and fetal sex with an odds ratio of 2.197 (95% CI: 1.469-3.286; P,0.001) were significant. The experience of sonographers did not reach statistical significance (95% CI: 0.871-1.031; P=0.213).
Discussion
Factors that have been analyzed are the experience of the sonographer and fetal CRL determining the accuracy of the estimation of fetal sex using the method of a sagittal section and the relation between the angle formed by the genital tubercle and spinal column.
Previously, other authors with different methodologies had studied the rate of success in the diagnosis of fetal sex based 
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